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The discovery of the anomalous Hall effect (AHE) in bulk metallic antiferromagnets (AFMs)
motivates the search of the same phenomenon in two-dimensional (2D) systems, where a quan-
tized anomalous Hall conductance can in principle be observed. Here, we present experiments on
micro-fabricated devices based on Co1/3NbS2, a layered AFM that was recently found to exhibit
AHE in bulk crystals below the Néel temperature TN = 29 K. Transport measurements reveal a
pronounced resistivity anisotropy, indicating that upon lowering temperature the electronic cou-
pling between individual atomic layers is increasingly suppressed. The experiments also show an
extremely large anomalous Hall conductivity of approximately 400 S/cm, more than one order of
magnitude larger than in the bulk, which demonstrates the importance of studying the AHE in small
exfoliated crystals, less affected by crystalline defects. Interestingly, the corresponding anomalous
Hall conductance, when normalized to the number of contributing atomic planes, is ∼ 0.6 e2/h
per layer, approaching the value expected for the quantized anomalous Hall effect. The observed
strong anisotropy of transport and the very large anomalous Hall conductance per layer make the
properties of Co1/3NbS2 compatible with the presence of partially filled topologically non-trivial
2D bands originating from the magnetic superstructure of the antiferromagnetic state. Isolating
atomically thin layers of this material and controlling their charge density may therefore provide a
viable route to reveal the occurrence of the quantized AHE in a 2D AFM.
The anomalous Hall Effect (AHE) –i.e., the presence of a
finite Hall resistance in the absence of an applied magnetic
field, H– has been long considered to be a phenomenon
characteristic of metallic ferromagnets, originating from
the interplay of a finite magnetization and spin-orbit in-
teraction [1]. Only recently, it has been appreciated that
the AHE can arise more generally in systems with bro-
ken time-reversal symmetry (TRS). Based on this notion,
the occurrence of AHE in antiferromagnets (AFMs) with
vanishing magnetization has been predicted theoretically
[2–5] and confirmed experimentally on materials such as
Mn3Sn [6, 7] [8], Mn3Ge [9, 10], Mn3Ga [11] and Mn5Si3
[12–14]. In all these systems, the AHE originates from
the non-vanishing integral of the Berry curvature Ωn(q)
over the occupied states, with the transverse conductivity
given by σxy = e
2
~
∫
BZ
d3q
(2pi)3 f [En(q)]Ωn(q), where En(q)
is the energy of the n-th band in the antiferromagnetic
Brillouin zone [5, 10, 15–18] (f(E) is the Fermi function
and the subscripts xy denote the plane in which transport
is measured).
The possibility to express the Hall conductivity in terms
of the Berry curvature underscores the topological origin
of the phenomenon [1]. Accordingly, dimensionality is ex-
pected to play a key role in determining how the AHE
manifests itself, because –as it is well-established– three-
dimensional (3D) systems with broken TRS are all topo-
logically equivalent unless additional crystalline symme-
tries are imposed, whereas in two dimensions topologically
distinct states can exist [19]. Indeed, in two dimensions
the integral of the Berry curvature of an individual band
n is a topological invariant (the Chern number Cn) that
can assume any possible integer value. In two-dimensional
(2D) magnetic systems, therefore, topologically non-trivial
bands can occur that –whenever completely filled– give a
quantized contribution Cn e
2
h to the measured Hall conduc-
tivity [20–25]. Such a quantum AHE has been reported
in thin films of a ferromagnetic topological insulator [26]
(for related interesting new developments see also [27, 28]),
but in 2D AFMs the conditions to observe the same phe-
nomenon have never been realized experimentally, since all
known antiferromagnetic materials hosting a large AHE
display rather isotropic transport properties [6, 9, 10, 14].
Here, we perform transport measurements on exfoliated
crystals of the layered AFM Co1/3NbS2 and show that this
system exhibits an anomalous Hall conductance as high as
0.6 e2/h per atomic layer as well as a strongly anisotropic
transport, compatible with the existence of topologically
non-trivial 2D bands.
Co1/3NbS2 is a well-known AFM, consisting of magnetic
Co ions intercalated between NbS2 planes, as represented
in Fig. 1a. Past transport and magnetization measure-
ments on bulk crystals [30] (reproduced on the crystals
used here, see Fig. 1c) established that the transition to
the antiferromagnetic state occurs at TN ' 29 K (the value
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2FIG. 1. Properties of Co1/3NbS2. a, Crystallographic unit cell of Co1/3NbS2. b, Top-view of the lattice displaying the regular
triangular arrangement of the Co atoms which gives rise to a
√
3a0 ×
√
3a0 superstructure –where a0 is the lattice constant
of the parent compound (2H-NbS2)– typical of 1/3 fractional intercalation [29]. The crystallographic unit cell of Co1/3NbS2 is
indicated by the yellow shaded area. c, Temperature dependence of the in-plane resistivity, ρxx, (blue) and of the magnetic
susceptibility, χ, (green) –acquired in an applied field of 0.1 T along the c-axis– both measured in a bulk crystal. The two curves
show a clear kink in correspondence of the antiferromagnetic transition temperature at TN ' 29 K. d, Magnetization, M , as a
function of magnetic field (H ‖ c) for different temperatures above and below TN measured in a bulk crystal; M is negligible at
H = 0. e, Optical micrographs of two devices investigated in the present work: a device sculpted using a focused ion beam (top
left; the scale bar is 20 µm) and a device based on an exfoliated crystal approximately 50 nm thick (top right; the scale bar is
5 µm). Temperature dependence of the ratio between the resistivity out-of-plane (ρz) and the resistivity in-plane (ρxx), showing
a pronounced anisotropy below TN . The inset shows the resistivity along the c-axis, ρz, as a function of temperature.
of TN slightly varies depending on the exact stoichiomet-
ric composition in intercalated compounds), and that for
T < TN the system remains metallic, with vanishing mag-
netization at zero applied magnetic field (Fig. 1d). Neu-
tron diffraction experiments were performed [31], and were
fit to a collinear AFM structure with the magnetic unit cell
double the size of the structural unit cell. In those exper-
iments all six symmetry-related in-plane q vectors were
observed with nearly equal weights, and attributed to a
multi-domain structure with each domain having single-q
ordering. However, subsequent experiments performed on
this material [32] could not distinguish between the multi-
domain single-q AFM and single domain multi-q AFM. As
we will argue, this distinction is critical: based on symme-
try arguments, the AHE is incompatible with a simple
collinear AFM with single-q lying in the a-b plane that
was proposed in [31]. On the other hand, it is naturally
expected in a non-coplanar AFM with three-q, all lying in
the a-b plane. Despite being more complex than the single-
q state, such a multi-q AFM has no uniform spin magne-
tization, with AHE arising due to the large uncompen-
sated Berry curvature in the band structure [2–4, 6, 33–
35]. Indeed, AHE was observed recently at T < TN in
bulk crystals [36], despite the absence of any sizable mag-
netization. This observation, as well as the layered nature
of Co1/3NbS2, motivates us to study the AHE in detail
using exfoliated crystals.
For our transport studies we realized micro-fabricated
devices based on Co1/3NbS2 crystals, either exfoliated
with an adhesive tape (Fig. 1e, top right), or sculpted
using a focused ion beam (FIB) [37] (Fig. 1e, top left;
for more details see Supplemental Material Sec. S1). Be-
ing much smaller than bulk crystals, exfoliated layers are
considerably less affected by structural defects, facilitating
the observation of the intrinsic properties of Co1/3NbS2.
For instance, as we show below and of key importance for
our results, the in-plane resistivity, ρxx, measured on ex-
foliated layers is found to be significantly lower than in
the bulk [36], a clear indication of the reduction of scat-
tering from structural defects. Micro-fabricated devices
also allow us to compare transport along specific crys-
tallographic directions, which is essential to reveal a pro-
nounced anisotropy. We find that the out-of-plane resis-
tivity, ρz, (see inset in Fig. 1e), is more than one order
of magnitude larger than the in-plane resistivity, with the
ratio ρz/ρxx increasing upon cooling, without saturating
at the lowest temperature reached in the measurements
(T ' 4 K; see Fig. 1e).
The AHE is readily detected by measuring the Hall re-
sistivity, ρxy, upon sweeping the magnetic field applied
parallel to the c-axis from µ0H = −14 T to µ0H = +14 T
and back. The data in Fig. 2 are representative of the
behavior observed in five devices based on exfoliated crys-
tals having different thickness, t, (varying between 40 and
3a cb
FIG. 2. AHE in Co1/3NbS2. (a) Hall resistivity, ρxy and (b) anomalous Hall resistivity, ρAxy, measured in a representative
device upon cycling the magnetic field back and forth from -14 T to +14 T (H ‖ c), for selected temperatures above and below
TN . The anomalous Hall resistivity in b is obtained by subtracting from the curves shown in a the linear contribution due to the
ordinary Hall effect. ρAxy exhibits sharp jumps at values of coercive fields, Hc, that rapidly grow upon lowering T . c. Longitudinal
resistivity, ρxx, as function of magnetic field, acquired simultaneously to ρxy; a small magnetoresistance (MR ∼ 2%) is observed
below TN . The small jumps visible in the curves in correspondence of Hc (less than 10% of the absolute change in ρAxy) can be
attributed to small material inhomogeneities mixing the longitudinal and transverse resistivity.
90 nm) and lateral dimensions (ranging from approxi-
mately 4 × 8 µm2 to 15 × 26 µm2). For temperatures
T above TN (T = 30 K in Fig. 2a), ρxy exhibits a H-linear
ordinary Hall effect (grey curve), but as T is lowered be-
low TN (blue curve measured at T = 28 K), a pronounced
hysteresis becomes visible, such that ρxy 6= 0 at H = 0.
Upon lowering T , the coercive magnetic field, Hc, rapidly
increases (pink curve), and below 24 K becomes larger
than the highest field accessible in our experimental set-
up (14 T), so that the hysteresis cycle can no longer be
observed.
In this temperature range, the anomalous contribution
of the Hall resistivity, ρAxy, can be straightforwardly iso-
lated by subtracting the linear contribution due to the
ordinary Hall effect, as shown in Fig. 2b. Interestingly, de-
spite the presence of large, sharp jumps in ρAxy at Hc, the
longitudinal resistivity, ρxx, does not exhibit significant
variations (see Fig. 2c): only a small magnetoresistance
(MR ∼ 2%) originating from the presence of the AFM
state is observed (there is no MR at 30 K, see dark grey
curve), with no significant change at Hc. The compari-
son of the H-dependence of the anomalous Hall resistivity
(Fig. 2b) and of the bulk magnetization (Fig. 1d) shows
that ρAxy is not simply proportional to M , i.e., the AHE in
Co1/3NbS2 is very different from that commonly observed
in ferromagnets.
The rapid increase in coercive field upon lowering T pre-
vents the hysteresis cycle in ρxy to be measured at low
temperature. Therefore, to investigate systematically the
evolution of the AHE, we follow the strategy used earlier
in Mn3Sn [6] and Mn3Ge [9], and perform measurements
of ρxy as a function of increasing T at zero magnetic field,
after cooling down the devices from T > TN to T = 5 K
in the presence of an applied field. Irrespective of the
specific antiferromagnetic state responsible for the occur-
rence of the AHE, which is, in general, different in differ-
ent materials, the idea is as follows. If the device is cooled
in the absence of an applied field, chiral microscopic do-
mains (that we refer to hereafter as microdomains) of the
antiferromagnetic state contributing to the AHE with dif-
ferent sign form with equal probability, and coexist in the
material as T is lowered below TN . As a result, the total
anomalous Hall conductivity vanishes. On the other hand,
field-cooling (FC) in a sufficiently large applied magnetic
field from T > TN down to low temperature tends to align
the microdomains –favoring one chirality– making ρAxy fi-
nite. The microscopic mechanism of coupling between the
antiferromagnetic microdomains and the applied magnetic
field may vary. The minimal coupling that is expected to
be always present is to the electronic orbital magnetiza-
tion [39] (along the c-axis) which generically accompanies
the AHE, both being caused by the band Berry curvature.
Another possibility is the coupling to a weak out-of-plane
spin canting due to spin-orbit interaction.
The temperature dependence of the anomalous Hall re-
sistivity measured after field-cooling at µ0HFC = ±8 T
(red lines) and µ0HFC = ±14 T (blue lines) is shown in
Fig. 3a, for one of our Co1/3NbS2 devices, which exhibits
a representative behavior. Below TN a finite ρAxy emerges,
which follows exactly the same temperature dependence
for both field values. As expected for field induced align-
ment of antiferromagnetic microdomains, cooling in fields
of opposite polarity selects microdomains of opposite chi-
rality, resulting in equal and opposite values of ρAxy. The
soundness of the FC procedure is illustrated by the per-
fect agreement between the T -dependent ρAxy curve mea-
sured after field-cooling and the values of ρAxy extracted at
H = 0 in measurements of the hysteresis loops done at
fixed T (see the yellow diamonds in Fig. 3a). As expected,
no AHE is observed upon cooling down the sample in the
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FIG. 3. Temperature evolution of AHE in an exfoliated Co1/3NbS2 device. (a) Anomalous Hall resistivity, ρAxy, and
(b) longitudinal resistivity, ρxx, as a function of temperature measured in a representative device, after field-cooling (FC) in
µ0HFC = ±8 T (red), ±14 T (blue) and 0 T (ZFC, grey curve), with H ‖ c. The yellow diamonds in a represent the values
of ρAxy extracted at H = 0 from measurements of the hysteresis loops done at fixed T (see Fig. 2b). ρxx shows no dependence
on HFC : the curves in b fall exactly on top of each others and an identical T -dependence is observed at ZFC. c, Remnant
magnetization, M , as a function of temperature for HFC of 8 T (red) and 14 T (blue) with H ‖ c. d, Temperature dependence
of the corresponding anomalous Hall conductivity, σAxy, for FC in 8 T (red) and 14 T (blue). The blue diamond represents the
maximum value of the anomalous Hall conductivity reported previously in bulk crystals (27 S/cm at 23 K, see [36]). The right
axis indicates the anomalous Hall conductance per atomic layer, GAxy/N , obtained normalizing the measured σAxy (left axis) to the
total number of contributing crystalline planes [38]. e, Anomalous Hall conductance per atomic layer, GAxy/N , measured at 5 K
for different samples as function of their thickness. The pink dashed line and the shaded area represent the mean value and the
standard deviation of all measured values.
absence of an applied magnetic field (i.e., upon zero-field-
cooling, ZFC, see grey curve in Fig. 3a).
We measured the magnetization of the Co1/3NbS2 bulk
crystals used for exfoliation at H = 0 after FC (Fig. 3c),
and found an extremely low residual magnetic moment
smaller than 10−3 µB/Co for T < TN , which may originate
either from a small spin polarization in the antiferromag-
netic state [36] or from the orbital magnetization of the
conducting electrons [40]. Irrespective of the origin of the
residual moment, finding a very large anomalous Hall re-
sistivity in the presence of a negligibly small magnetization
confirms that the mechanism responsible for the AHE ob-
served in Co1/3NbS2 is different from that at work in ferro-
magnets. Note that the longitudinal resistivity measured
simultaneously to ρAxy on the same device, is entirely in-
sensitive to FC: the exact same T -dependence is observed
irrespective of the value and the polarity of H applied
during FC (see Fig. 3b; an identical T -dependence for ρxx
is observed at ZFC). Note also that the low temperature
longitudinal resistivity measured on the exfoliated layers
is approximately four times smaller than in the bulk crys-
tals used for exfoliation (compare Fig. 3b and Fig. 1c).
To discuss the AHE data quantitatively we invert the
resistivity tensor to calculate the anomalous Hall conduc-
tivity σAxy =
ρAxy
ρxx2+ρAxy2
. The temperature dependence of
the anomalous Hall conductivity measured (at H = 0) af-
ter FC at 8 T and 14 T is shown in Fig. 3d. The onset
of a non-vanishing σAxy corresponds to the Néel tempera-
ture of Co1/3NbS2, and the increase in σAxy upon lower-
ing T exhibits a behavior analogous to that expected for
the order parameter of a second order phase transition.
Notably, due mainly to the small longitudinal resistivity
of exfoliated crystals, the values of σAxy measured in our
devices reach up to approximately 400 S/cm at low tem-
perature, more than one order of magnitude larger than
the maximum value measured in Co1/3NbS2 bulk crystals
(27 S/cm; see [36]). Such a value is comparable to –or pos-
sibly even larger than– the highest ever reported so far for
the anomalous Hall conductivity of an AFM. The corre-
sponding anomalous Hall conductance per atomic layer is
GAxy ∼ 0.6 e2/h at T = 5 K [38]. Similar values are found
in all the different exfoliated devices that we measured
(see Fig. 3e; device-to-device fluctuations are consistent
with the uncertainty in the detailed device geometry, orig-
inating from the small size of the exfoliated crystals).
Together with the strongly anisotropic resistivity indica-
tive of transport occurring in the quasi-2D regime (see
Fig. 1e), the very large observed anomalous Hall conduc-
tance per layer suggests that topologically non-trivial 2D
bands with a non-zero Chern number Cn are present in
the antiferromagnetic state of Co1/3NbS2. The observed
metallic dependence of the in-plane resistivity on tempera-
ture implies that the Fermi level is not located in an energy
gap and that, accordingly, no quantization of the anoma-
lous Hall conductance should be expected. Nevertheless,
even if the Fermi level is located within a topologically
non-trivial band, the occupied states experience the ef-
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FIG. 4. Detecting structural domain switching in the AHE. Temperature dependence of (a) anomalous Hall resistivity,
ρAxy, and (b) longitudinal resistivity, ρxx, after FC in ±8 T (red) and ±14 T (blue) with HFC ‖ c, measured in one of our devices.
In a, the red curves display a trend similar to the one observed in Fig. 3a, whereas the blue curves measured at µ0HFC = 14 T
exhibit a larger value and a jump at 17 K with a drop to the value measured at µ0HFC = 8 T. In analogy with Fig. 3a, the
yellow (light-blue) diamonds correspond to the values of ρAxy extracted at H = 0 (14 T) in measurements of the hysteresis loops
done at fixed T (see Supplemental Material Fig. S2b). The light-blue dashed line is a guide to the eye. In b, ρxx shows no sizable
variation in correspondence of the jump observed in ρAxy, indicating that at the microscopic level the magnetic state of the system
remains the same across the jump. c, Temperature dependence of the anomalous Hall conductance per atomic layer, GAxy/N , for
FC in 8 T (red) and 14 T (blue). The inset shows a sketch of the envisioned magnetic configuration of the exfoliated crystal, with
a structural defect that splits the crystal in two regions (colored in red and blue) with thickness t1 and t2 (the arrow indicates
the direction of the c-axis). The two regions have opposite chirality upon FC in 8 T, whereas they have the same chirality upon
FC in 14 T. d, GAxy/N as a function of HFC measured at 5 K with H ‖ c; the inset shows a zoom-in at small HFC . e, GAxy/N as
a function of temperature for different HFC applied in the NbS2 planes (H ⊥ c). Note that the value of GAxy/N upon HFC in 8 T
corresponds approximately to the value obtained for FC in 0.05 T when H ‖ c.
fects of Berry curvature, explaining the presence of a large
AHE. In this metallic regime, the longitudinal conductiv-
ity is typically much larger than the transverse one (as it
is the case here) and the relation ρxy = ρ2xxσxy can be
used to extract the transverse conductivity from the value
of ρxy and ρxx (which are the actually measured quan-
tities). With σxy = ρxy/ρ2xx, it is clear that any extrin-
sic disorder increasing ρxx, while leaving ρxy unaffected,
causes the value of σxy extracted from the measurements
to be reduced. This is indeed what appears to happen in
Co1/3NbS2: owing to the larger resistivity, measurements
performed on bulk materials lead to a Hall conductance
per layer of approximately 0.01 e2/h –masking the possi-
ble topologically non-trivial nature of the bands– rather
than to values of the order of e2/h that we report here
[41].
An additional feature is observed in one of the devices
investigated. Namely, the device shows very different tem-
perature dependencies of the anomalous Hall resistivity
upon FC for field values smaller and larger than approxi-
mately µ0H ' 8 T (see Fig. 4a). Upon cooling down in a
field smaller than (or equal to) 8 T, the anomalous Hall re-
sistivity displays the usual qualitative behavior, whereas,
when the device is field-cooled in a larger field, ρAxy has
a higher low-temperature value and a downward jump at
T ' 17 K is observed. In contrast, the longitudinal resis-
tivity measured concomitantly with ρAxy remains entirely
insensitive to the conditions of FC (see Fig. 4b). The cor-
responding anomalous Hall conductivity obtained by in-
verting the resistivity tensor is shown in Fig. 4c, for FC
done in a low and in a high magnetic field. Consistently
with the apparent presence of two states in this device, for
T < TN the evolution of ρAxy upon sweeping the magnetic
field up and down also exhibits an anomalous hysteresis
comprising two loops (see Supplemental Material Sec. S2).
The absence of any sizable change in ρxx in correspon-
dence of the jump in σAxy indicates that –at a microscopic
level– the magnetic state of the system remains the same
across the jump, i.e., the jump observed in σAxy is not due to
a change in the magnetic ordering on the atomic scale. As
the jump in the anomalous Hall conductivity is observed
only in one out of five devices, the phenomenon can be at-
tributed to the presence in that device of two macroscopic
domains (that we refer to hereafter as macrodomains)
which tend to contribute to the AHE with opposite sign.
A possible origin is a structural stacking fault in the exfoli-
ated layer which splits the device into two separate regions,
as illustrated in the inset of Fig. 4c. The magnetic coupling
across the fault energetically favors states with opposite
chirality. Thus, if FC is performed with µ0H ≤ 8 T, the
interfacial interaction dominates and the macrodomains
remain anti-aligned, leading to a reduced value of AHE.
For a stronger magnetic field, the energy benefit of the
alignment (which goes as the product of the volume of the
smaller macro-domain and the magnetic field) dominates
and the chiralities of the macrodomains align, leading to
a larger combined AHE. At low temperatures, even after
the strong aligning field is removed, macrodomains can re-
6main aligned, pinned by the effective Ising anisotropy of
chirality. Upon heating, the barrier to realignment can be
overcome by the thermal fluctuations, causing an abrupt
drop in σAxy.
The different nature of such macrodomains, as com-
pared to the chiral microdomains discussed earlier, present
at zero field in all the devices that we investigated, can
be fully appreciated by looking at the evolution of the
low-temperature anomalous Hall conductance per atomic
layer as a function of field applied during FC (Fig. 4d).
A very small magnetic field is sufficient to align mi-
crodomains commonly present in all devices, since FC with
µ0H = 0.05 T already stabilizes a low-T value of GAxy/N
corresponding to a considerable fraction of e2/h per atomic
layer, as visible in the inset of Fig. 4d. On the other hand,
as shown in Fig. 4d, the macrodomains due to the stacking
fault require a much larger field to be switched. More stud-
ies are necessary to fully understand the origin of the struc-
tural macrodomains and what determines their stability.
However, in contrast to most common antiferromagnetic
conductors, in AFMs that (like Co1/3NbS2) exhibit AHE,
magnetic field and simple transport measurements allow
different types of magnetic domains and their switching to
be controlled and studied experimentally.
So far we focused on the effects of the out-of-plane mag-
netic field (i.e., H ‖ c). We now address the effect of an in-
plane magnetic field (i.e., parallel to the NbS2 layers). The
temperature dependence of the AHE is shown in Fig. 4e
for different values of field applied in-plane during FC,
from 2 to 14 T. The value of the anomalous Hall conduc-
tance per atomic layer, GAxy/N , obtained by FC in a 8 T
in-plane field, is slightly less than 0.2 e2/h, comparable to
the anomalous Hall conductance per atomic layer induced
by FC in a much smaller out-of-plane field of 0.05 T. This
very large disparity in field values indicates that the effect
of the in-plane field can be most likely attributed to a very
small misalignment of the applied field with respect to the
NbS2 planes, causing a finite out-of-plane component (an
explanation certainly compatible with the precision with
which our devices are mounted in the experimental set-
up). Similar behavior is observed irrespective of the orien-
tation of the in-plane field relative to the crystallographic
axis of the material, i.e., an in-plane magnetic field has no
significant influence, irrespective of its direction. This is
an important conclusion because it further reinforces that
the alignment of chiral antiferromagnetic microdomains
during the FC process is due to the coupling of the ap-
plied field to the out-of-plane magnetization [39]. The lat-
ter could be due to the orbital magnetization of itinerant
electrons, whose orbital electronic motion takes place pre-
dominantly in the NbS2 planes, as evidenced by the quasi-
2D nature of transport in Co1/3NbS2 (see Fig. 1e). Such a
motion gives origin to an orbital magnetization pinned to
the direction perpendicular to the NbS2 planes that natu-
rally couples to an out-of-plane magnetic field and not to
an in-plane one. It can also be due to a small, spin-orbit
induced canting of the Co moments.
The precise origin of the AHE in Co1/3NbS2 cannot be
identified at this stage, because existing neutron diffrac-
tion experiments have not yet allowed the full determina-
tion of the magnetic structure (in part due to the small size
of the available single crystals). This is preventing reliable
calculations of the electronic band structure in the anti-
ferromagnetic state of the material. We nevertheless note
that the collinear antiferromagnetic structure proposed in
[31] cannot lead to AHE, since it has a symmetry that
corresponds to spatial translation in the direction of the
ordering vector q combined with time reversal. Since spa-
tial translation cannot affect the Hall response, and time
reversal flips its sign, such symmetry immediately implies
zero AHE. We also note that the scenario suggested in
[42], based on a collinear AFM with an in-plane ferromag-
netic order and an out-of-plane antiferromagnetic order is
incompatible with the neutron data that show antiferro-
magnetic order in the plane and hence cannot be used to
explain the large observed AHE.
The pronounced anisotropy of transport, the coupling
of the magnetic field to the orbital magnetization, and
the anomalous Hall conductance per atomic layer reach-
ing values close to e2/h all strongly suggest that the AHE
originates from the presence of 2D topologically non-trivial
bands induced by the antiferromagnetic state. In the truly
2D case, models predicting the occurrence of the quan-
tum Hall effect in antiferromagnetic states with vanishing
magnetization have been known for over 10 years [2, 4].
An exact quantization of the Hall conductance occurs
when the chemical potential lies within a band gap, and
the magnetic structure causes some of the fully occupied
bands to become topologically non-trivial. This has been
demonstrated theoretically to happen for a variety of non-
collinear and non-coplanar spin structures [2, 4, 35, 43–45].
For instance, the three-q non-coplanar tetrahedral antifer-
romagnetic state [4] in each triangular Co layer, would be
consistent with the magnitude and the direction of the an-
tiferromagnetic ordering vectors observed experimentally,
as well as with the fact that all six symmetry-related q
(three ±q pairs) are observed with equal weight. Our
preliminary calculations based on a realistic tight-binding
model [46] show that this state can indeed yield large AHE
with very weak orbital magnetization, consistently with
our experimental observations.
As we already mentioned earlier, in the case of our
Co1/3NbS2 crystals, the system is metallic and the Hall
conductance (per atomic layer) cannot be precisely quan-
tized. Even so, it can remain comparable to e2/h, as it
is expected for nearly fully filled or almost empty topo-
logical bands. In this regime, small electron density varia-
tions can cause large variations in the observed anomalous
Hall conductance, particularly if the Fermi level is located
close to a band edge, where the Berry curvature is typ-
ically the highest. Experimentally, it would therefore be
interesting to change the carrier density in Co1/3NbS2 to
see whether large changes in Hall conductance can actu-
ally be detected. It may even be possible to induce full
7quantization, if the density variation allows to completely
fill/empty all the partially filled bands. Viable strategies
to change the electron density by a significant amount in-
clude the use of ionic liquid gated devices, if the thickness
of Co1/3NbS2 can be reduced to a few layers, or interca-
lation of atoms (either alkali or halogen) in between the
NbS2 planes (i.e., where the Co atoms also reside). Yet
another route consists in investigating other NbS2-based
compounds intercalated with different transition metals:
Fe1/3NbS2 for instance is also an antiferromagnetic con-
ductor [47, 48], with a different expected band filling as
compared to Co1/3NbS2, owing to the difference valence
of Fe as compared to Co atoms. Although challenging ex-
perimentally, all these different strategies are worth con-
sidering because, if successful, they would allow unveiling
a quantum anomalous Hall antiferromagnet, i.e., an exotic
state of matter that has never been observed before.
In summary, we performed transport experiments on
exfoliated and micro-fabricated Co1/3NbS2 devices that
provide a new perspective on the nature of the anomalous
Hall effect in the antiferromagnetic state of this material.
These devices enable the observation of a much larger AHE
as compared to bulk crystals –with an anomalous Hall con-
ductance reaching values close to e2/h per atomic layer–
as well as of a large anisotropy of the longitudinal resis-
tivity, that becomes increasingly pronounced upon lower-
ing temperature. These findings suggest that Co1/3NbS2
represents a very promising platform to search for a topo-
logical 2D quantum anomalous Hall antiferromagnet ex-
hibiting quantized Hall conductance at zero applied mag-
netic field. They also show the importance of performing
experiments on small exfoliated devices to reduce extrin-
sic effects originating from disorder. Indeed, disorder and
all sources of inhomogeneity can be drastically reduced in
exfoliated crystals, simply because their volume can be
easily made smaller by a factor of approximately 107-108
as compared to bulk crystals commonly used to perform
transport experiments . In the case of Co1/3NbS2 the re-
duced disorder results in a significantly smaller value of
longitudinal resistivity that translates into a value of Hall
conductance per layer reaching up to a large fraction of
e2/h. One may expect similar effects to be equally im-
portant in the analysis and interpretation of the measured
anomalous Hall effect in other antiferromagnetic materials
that have been discussed earlier.
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